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(57) Abstract 

A needleless syringe, in which particles of a therapeutic 
agent arc entrained in a supersonic gas flow, has a nozzle 
surrounded by a silencer through which gas reflected from the 
target may be vented to atmosphere through a porous material 
which acts to retain any particles reflected in the gas. 
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NEEDLELESS SYRINGE WITH THERAPEUTIC AGENT PARTICLES ENTRAINED IN SUPER- 
SONIC GAS FLOW 

The invention is related to a needleless syringe of 
the general kind described in our earlier WO 94/24263, 
5 which consists of a tubular nozzle through which there is 
established a gas flow, which is usually supersonic, and in 
which particles of a powdered therapeutic agen. are 
entrained. Such a syringe provides a non-invasive drug 
delivery system for firing controlled doses into body 
10 tissue, e.g. through the intact skin. 

The mechanics at the upstream end of the nozzle may 
involve a reservoir of gas such as helium, at a high 
pressure cf say between 30 and SO bar, the flow being 
created by releasing the gas suddenly from the reservoir, 
15 for example by opening a valve, or by releasing the gas 
from the reservoir so that pressure builds up behind a 
membrane at the entrance to the nozzle until the membrane 
eventually ruptures to release the high speed gas flow. 
The particles may be contained initially within the high 
20 pressure gas reservoir or within a cassette from which the 
particles are released into the gas flow. The passageway 
through the nozzle itself is preferably 
convergent/ divergent or convergent / cylindrical , with the 
upstream convergent section shorter than the downstream 
25 divergent or cylindrical section. 

However, the present invention is particularly 
concerned with the construction of the syringe at the 
downstream end of the nozzle. It is desirable to dissipate 
and silence the Shockwave which rebounds off the target: and 
3 0 which car. be very loud and disturbing to a patient. 
However, any silencer should readily allow the external 
dissipation of the gas pressure to avoid syringe recoil and 
lifting cf the syringe away from the target. Furthermore, 
it is desirable that any small proportion of the particles 
3 5 cr particle- fragments, which are reflected from the zarget 
surface, are contained. 
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In the past, we have attempted to satisfy these 
desiderata by providing a tubular shroud having a 
cylindrical silencer portion which surrounds vith a radial 
spacing a downstream section of the nozzle, and a spacer 
5 portion which extends axially beyond the exit plane of the 
nozzle to abut the target and positively space the exit 
plane of the nozzle from the target surface. The annular 
chamber between the nozzle and cylindrical portion contains 
baffles which create a tortuous path for the gas and, at 

10 its end remote from the spacer portion the cylindrical 
portion is provided with ports for venting the gas to the 

> atmosphere. Such a shroud is illustrated in Figs. 1 to 3 

of our WO 94/24263. Although practical, such a shroud is 
still noisy owing to the comparatively few large vent 

15 ports, and it is still possible for some of the particles 
to pass out of the ports after multiple reflections. 

In accordance with the present invention, a needleless 
syringe comprises an elongate tubular nozzle which is, or 
is arranged to be, connected at its upstream end to a 

2 0 source of high pressure gas; a source of particles of a 
powdered therapeutic agent; and means for releasing the gas 
to provide through the nozzle a supersonic flow in which 
the particles are entrained; wherein the downstream end of 
the nozzle opens into a tubular shroud which is arranged to 

2 5 engage a target and hence to space the exit plane of the 

nozzle from the target surface and which comprises a porous 
material the porosity of which is such as to contain within 
the shroud any particles reflected from the target but to 
allow passage of the gas out of the shroud through the 

3 0 porous material and thereby reduce the noise of the 

Shockwave. 

The use of a porous material, having an appropriate 
porosity, positively contains within the shroud all the 
particles which may have been -reflected from the target 
3 5 while allowing the gas to pass out of the shroud through 
the material and thereby providing very effective 
silencing. This may be enhanced by providing baffles 
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within the shroud, particularly in an annular chamber 
between at least a downstream section of the nozzle and a 
surrounding tubular portion of the shroud, or provided by- 
steps in the external wall of the nozzle and/or the 
5 internal wall of the shroud. 

The porous material could be an outer sleeve 
surrounding a solid shroud having comparatively few large 
vents. 

Alternatively a tubular outer wall of the shroud is 
10 formed partly or substantially completely of the porous 
material. An appropriate porous material for the shroud 
may be a sintered porous media, manufactured by dry powder 
moulding of particles of, for example, polyethylene, 
polypropylene or a mixture thereof, or even of metals such 
15 as stainless steel or bronze. 

The material could have more than one porosity, eg a 
coarse pore size inner layer and a fine pore size outer 
layer or vice versa, or even a graded pore size from inside 
to outside. The finer material will catch any stray 
20 particles, whereas it is believed that the variable pore 
size will successively and more efficiently, break up the 
Shockwave . 

As a further option, an outer substantially rigid 
tubular wall of the shroud may be provided with one or more 

2 5 gas exit openings and the porous material is a wadding, 

such as cotton wool, closing the upstream end(s) of the 
opening (s) . 

The porosity needs to be carefully chosen and this 
depends on the range of particles sizes used. Too large a 
30 porosity will enable some stray particles to pass through 
the material to the atmosphere. Too small a porosity or 
too thick a material will not readily allow the gas to pass 
through, thus causing a high pressure at the tip of the 
syringe and therefore cause unwanted recoil. Experiments 

3 5 with a drug having a mean particle size of 3 0 microns have 

successfully been carried out using a shroud made of an 
open pore solid material which has a mean pore size of 15 
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microns, a minimum pore size of 4 microns, and with a 
porosity which is 55% solid and 4 5% void. The wall 
thickness was 3mm. 

- Examples of syringes constructed in accordance with 
5 the present invention are illustrated in the accompanying 
drawings, in which: 

Fig. 1 is an axial section through one syringe; 
Fig. 2 is an axial section through the downstream end 
of another syringe; 
10 Fig. 3 is a half axial section of a third syringe; 

and, 

Fig. 4 is an enlargement of part of Fig. 4. 
The syringe illustrated in Fig. 1 is similar in many 
respects to that illustrated in Figs. 1 to 3 of WO 

15 94/24263. Thus it has an upper barrel portion 10 providing 
a reservoir 11 of compressed gas/ such as helium at between 
30 and 80 bar. The upper barrel portion 10 is screwed to 
a lower barrel portion 12 providing a rupture chamber 13 . 
The lower barrel portion 12 is screwed to the. upper end of 

20 a nozzle 14 having a convergent /divergent passageway • 
Sealed between the lower barrel portion 12 and the upper 
end of the nozzle 14 is a cassette 15 consisting of upper 
and lower rupturable membranes between which is sealed a 
dose of a powdered therapeutic agent. 

25 A lower part 16 of the nozzle is surrounded by a 

shroud comprising a cylindrical portion 17 and a flared 
portion 18. The nozzle portion 16 has external annular 
ribs 19 which interdigitate with internal annular ribs 2 0 
within the shroud portion 17. 

3 0 In use the wider end of the shroud portion 18 is 

brought into contact with the skin 21 of a patient and a 
knob 2 2 is depressed. This causes a valve stem 2 3 to move 
through the reservoir 11 so that a seal 2 4 moves out of an 
exit passageway of the reservoir and releases gas from the 

35 reservoir into the rupture chamber 13. As the pressure 
♦ builds up f it eventually ruptures the membranes of the 
cassette 15 releasing a supersonic gas flow through the 
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nozzle with the particles of therapeutic agent entrained 
within the flow. These particles penetrate the patient's 
skin 21 to provide the necessary transdermal injection. 
The shroud portion 18 acts as a spacer which positively 
5 spaces the exit plane of the nozzle from the patient's skin 
and allows a degree of spread in the particles as they pass 
from the nozzle to the target. The Shockwave resulting 
from the gas flow rebounds from the patient's skin, 
together with a small proportion of the particles, as 

10 suggested by the arrows 2 5 whereupon the pressure and noise 
of the Shockwave are dissipated and the particles are 
caught within the shroud. . 

This dissipation and containment are efficiently 
achieved by constructing the shroud of an open pore 

15 material as implied by the enlargement in the circle in 
Fig. 1. The Shockwave is not only dissipated by the 
tortuous path between the baffles formed by the 
interdigitating ribs 19 and 20, but also by passage through 
the porous outer wall of the shroud. Since at least the 

20 majority of the shroud is made as such porous material, 
there is a minimum resistance to outflow of the gas through 
the shroud wall, thereby minimising any recoil of the 
syringe away from the patient's skin. However, the pore 
size is sufficiently small to retain any particles, or 

2 5 particle fragments, which may rebound. 

The shroud may be moulded in complementary halves, 
divided by an axial plane, so as to be fitted around the 
nozzle and between the ribs 19 upon assembly with the 
nozzle, prior to the halves being bonded together. The 

3 0 upper end of the shroud portion 17 will be bonded, snap 

fitted, or otherwise secured to the upper portion 14 of the 
nozzle. 

Fig, 2 shows a modification in which the baffles 
provided by the ribs 19 and 2 0 are omitted but the shroud 
35 is provided with a step 26 between its smaller and larger 
diameter portions 17A and 18A surrounding the nozzle 16A. 
This step acts to some degree in providing adequate rebound 
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surfaces to initiate dissipation of the Shockwave and 
deceleration of any rebounding particles. 

The syringe shown in Figs. 3 and 4 has a particle 
delivery mechanism which is similar to that of the Fig. 1 
5 syringe. Parts of the third syringe, which, although of a 
different detailed shape, have the same function as parts 
10-15 and 22-24 in Fig. 1 are given the reference numerals 
10B-15B and 22B-24B. Further description of these parts is 
therefore deemed unnecessary. 

10 The essential difference between the third example and 

first example of syringe lies in the construction and 
operation of the tubular shroud. In the third example this 
extends up almost to the top of the reservoir 11B and 
comprises a number of plastic parts which are welded or 

15 screwed together. These parts include an upper part 27, 
which is hung on the top of the upper barrel portion 10B, 
an outer cylindrical wall 28, an intermediate cylindrical 
wall 29 and an outlet portion 30, into which the downstream 
end of the passageway through the nozzle 14B opens. The 

20 portion 3 0 is shown as having a generally f rustoconical 
portion merging into a substantially cylindrical portion. 
This section acts as a spacer which, when pressed against 
the target surface, positively spaces the downstream of the 
nozzle a distance of about 10 mm away from the target 

2 5 surface. 

The intermediate cylindrical wall 29 divides the 
annular space between the outer wall 2 8 and the internal 
parts of the syringe into two coaxial radially inner and 
outer annular chambers 31 and 32. These chambers are in 

3 0 series, being interconnected by a hollow interior 3 3 of the 

part 27, and each provides a tortuous path by virtue of 
discontinuous baffles 34. In each chamber 31, 32, the 
baffles are axially spaced about 10 mm apart and each 
consists of an annular disc with two diametrically opposed 
35 slots, each occupying about 60° of arc, with the slots in 
one baffle 90° out of alignment with those in the adjacent 
baffle in the same chamber. The lower end, as shown in 
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Figs. 3 and 4, of the chamber 31 is open to the interior of 
the section 30. The lower . end of the outer chamber 32 
communicates with a ring of twenty four exit openings 35, 
in a nut member 36, each opening being provided by a bore 
5 having a diameter of about 2 mm. Located between the wall 
28 and the nut member 3 6 is an annular ring of cotton-wool 
wadding 37 which isolates the interior of the chamber 32 
from the openings 35. 

In use the gas and any particles reflected from the 

10 target surface are caused to pass up the chamber 31 , 
following a tortuous path around the baffles 34, and hence 
via the chamber 3 3 into the chamber 32, where they pass 
down again along a tortuous path around the baffles 34. 
The gas is able to permeate through the body 3 7 and hence 

15 be vented to atmosphere through the openings 3 5 while the 
wadding 3 7 captures any residual particles. 

The larger the volume of the chambers 31 and 3 2 the 
better. However, it has been found in practice that a 
vented volume of about 8 0 ml works very well. 

20 The function of the silencer is enhanced if there is 

provision for leakage of gas from the chamber 31 to the 
chamber 3 2 through the wall 29. This may be provided by 
perforations 38 in the wall 29 and an appropriate 
arrangement is four equalangularly spaced holes through the 

25 wall between each pair of baffles 34. Those holes further 
away from the target, ie higher up in Figs. 3 and 4, are 
preferably a little larger than those lower down. For 
example, holes in the upper half may be 2 mm in diameter 
and those . in the lower half 1.5 mm in diameter. As an 

30 alternative to the holes 38, the wall 29 could be made of 
an open pore material. 

Experiments show that the construction shown in Figs. 
3 and 4 enables the noise level to be reduced to an 
acceptable level of below 8 0 dB at lm distance with an 

3 5 applied load of 20N. 
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CLAIMS 

1. A needleless syringe comprising an elongate tubular 
nozzle (14) which is, or is arranged to be, connected at 

5 its upstream end to a source (11) of high pressure gas; a 
source (15) of particles of a powdered therapeutic agent; 
and means for releasing the gas to provide through the 
nozzle a supersonic flow in which the particles are 
entrained; wherein the downstream end of the nozzle opens 

10 into a tubular shroud (17) which is arranged to engage a 
target (21) and hence to space the exit plane of the nozzle 
from the target surface, and which comprises a porous 
material the porosity of which is such as to contain within 
the shroud any particles reflected from the target but to 

15 allow passage of the gas out of the shroud through the 
porous material and thereby reduce the noise of the 
Shockwave. 

2. A syringe according to claim l, wherein a tubular 
20 outer wall of the shroud is made of a substantially rigid 

open pore material, 

3. A syringe according to claim 1, wherein an outer 
substantially rigid tubular wall (28,36,30) of the shroud 

2 5 is provided with one or more gas exit openings (35) and the 

porous material is wadding (37) closing the upstream end(s) 
of the opening (s) • 

4 • A syringe according to any one of the preceding 

3 0 claims, wherein the shroud has a tubular silencer portion 

which surrounds with a radial spacing at least a downstream 
section of the nozzle (14B) to provide between the nozzle 
and portion an annular chamber (31,32) containing baffles 
(34) which create a tortuous path for the gas before 
35 passing out of the shroud. 
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5. A syringe according to claim 4, wherein an 
intermediate tubular portion (31) is located between the 
downstream section of the nozzle and the silencer portion 
of the shroud to provide radially inner and outer coaxial 

5 annular chambers (31,32) in series containing baffles (34) • 

6. A syringe according to claim 5, wherein the 
intermediate tubular portion (31) is porous or perforated 
(38) to allow gas leakage between the radially inner 

10 annular chamber (31) and the radially outer annular chamber 
(32) . 
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